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(57)Abstract: 



PURPOSE: To robustly recognize the position and attitude at a high speed and with high accuracy 
by diagonally sensing a plane marker by a sensing means and performing a simple image 
processing. 

CONSTITUTION; A large circular part 7 and a small circular part 8 are displayed on a plane marker 
6. A three-dimensional recognision system 9 consists of an image processing part 10. a 
position/attitude calculation part 1 1. etc. The marker 6 is sensed diagonally by a CCD camera 5, 
and the center of gravity of the elliptic part 7 is obtained based on the image data. then, when it is 
out of the central position of a sensing screen, a central position correction calculating part 13 
calculates the rotational angle for the camera and rotates the camera 5. Further, an elliptic 
approximation calculation is carried out by using a minimum square estimation in order to obtain its 
parameter and calculate the position and attitude of the camera 5. and then a coordinate 
conversion matrix is calculated based on the obtained result. Thus, the image processing for the 
marker 6 can be performed simply and at the same time its position and attitude can be recognized 
robustly, at a high speed and with high accuracy. 
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\Z}:l-^Xmm't^o CCDii^. :^ 6CDAHa5 7coi1^ 
'C^egPa (px, py) ii, JSfgLii[aot^3,i:,figo® 
^± iMimM) {c?^:auTio!3. ti^iiiiahCCDp^j 
^ 5cri^I/SVhli. (b) \Z7r.-tX.^UmMm% 

[0 0 4 6] CC:t% C CD:;/j^ ^ 5CD^61i^rpI$:Y 
fa. ^ltt](C|ii£?&[Sf^CD±:^^Z|iil], Steffi tC Sit ;^fijF^ 

^ 5CD^mcOteg$:^CDSSODt^JS{C«^#L^^7!)i?>. H 

± *5 (t A R g(5 7 CO i^J ^C^ffig P a X 14;^ fp] (c p X (c 

K^^-t^wmzv^^m-^^^k.mz^ ^m-ky.m^y^xz 

[Sl^^-^TJS]^iijSi±:::jsit-2.;^Ra5 7 0cfi^i:.{agp a 
^&Yft6:;^rRltcpytc^a^rssg[5^;^i(t^®j^-t^nii\ A 
Rg^ 7 (D^^/CWfiSP a WSIgiiiffii±(D[fi^t:^fiifSOtc^iij 

[0 0 4 7] -^^T-. i.^<Dmm?^m%m\zii\if^. z 

ffliE:^SDl, D2i:i^V^T. t^TcDct o C C D 

^ 5(Z)^fSS::^P]gI5 7cD4i^i:W5SP(ziH]e^ffi!;^-y- 



(7) 



^IB¥ 7-9 8 2 0 8 



T. D;tt-v hv-x^H lCDfei|fflI^g{cStJeai{t^i:LT#^ 
5 ct 3 toEt a . 

[0 0 4 8] -T'Sct)*.. CCD*^^5{CJ:5jf 

c>®jii^G 1 *iii>-G 2 i:, ccDijji'p 5com^mm 

±{CiJlt S7jcJF>3(pi^li p H*J<tI>-Sitt7?faiiJ-T£P Vtt 
Kt^P7^-^ffe5A»^. MIE^JSD 1 ^itJCD 2&WT 

[0 0 4 9] CCD:«j^^5i:Jiigii]iai:®PB^®Sgg6$: 

PH 



t and = 



tanG2 = 



2 f 

PV 
2f 



tanDl=^ 



t anD2 



tanDl 



py 



2px • t and 
PH 



(1) 



C2) 



(3> 



(4) 



(5) 



[0 0 5 1 ] t:i^r-. ^©idtCffliE^JSD 1 *jj;z>- 

b i: ? CD iilWuit P a CO y ^t^fit p y SMIE 1- S 

[0 0 5 2 ] CC0J;3/d;;M&%ia-!|-Si:. t^S, CCD 
( 0. - tanD2. 1 ) 



^(1). (2) (D^olZ^-rzttn-^ho t.tz. t 
anD 1 *JJ;V tanD 2{±. TtCT^I-a; (3) . (4) CO 
J;3{c«^c:i:7!)JT-$i)A^c>, S (1) , (2) *»?,S§ 
(6Sf ©fis&^n^nsRtoT^ (3) , (4) izn.x-r?> 

ii. tanD liiJ;z>' tanD 2li. (5) . (6)cDi 
3 {da^d i: *sx- § 5 J; 5 !& 5 , 

[0 0 5 0] 

[33(1 ] 



CCD*p<5 5CD±73^^ ^ (7) CDiatC'fc 

So i^rtc, CDD*^^ 5 0D?Ii^-^;^' h;i/Sr:^ngf!7ffl 

^ (8) ®J;3{c^cs. ^fc. cmeoSip'^^ h;^® 
M-SfSrfTociitcJ: (3f^e>n€>'<^' h;Hi^ (9) oj; 

[0 0 5 3] 
[J&2] 

(7) 



( t anDI . 1 , tanD2) 



(8) 



(14-tan D2. - t anDI. - tanDl' tanD2) 



(9) 



[0 0 5 4] Ltzt^^X. tl±5C (7) ^j^VnU (9) © 



?iJTo/p(i. 
[0 0 5 5] 
[^3] 



^(10) <7)J;3 tf^^ns, 



(8) 



- 9 8 2 0 8 



1 + tan D2 
A B 

- tanPl 
A B 

tanPl tanD2 
A B 



0 



t anPl 
A 

J_ 
A 

tanD2 
A 

0 



0 0 
- t anD2 „ 



B 



1 



B 
0 



0 
1 



• ( 10 ) 



fztz[yA= y 1 + tan^Dl+ tan^D2 



[0 0 5 6 ] ^LT. ZCD^olZLXCCD^j^^ 5CD 

us 4 ^m^MLmni.. mm<D^pit^m^mDp(Dm 

[0 0 5 7 ] (e) f4S^^It@5ail^^';/r (S 7- 
S 1 0) 

[ 0 0 5 8 ] -r^^^t^-^. y;^^;/rS 7tCjfitfh. 

tQRiSdXIfWaJ 1 8t^T. 6^7)7"*i^^;u^ii/aT-*- 
[0 0 5 9] I217(iai^>i;5=-*-^(7)rtimi[L^iiaS:gJiB^ 

^ T It fl^iij ^ T IIP L 
[0 0 6 0] St\ 5^*-^t^^CD7^ci^co^^<&M<?S1-'2) 
IK D ii ^ ^ V ^ ; b rii ^ ^' - <^ CD ^ f b * S 7b s - ffi 

;^5^':/rT 3 ^^IT. rT 1 LT 3 $:*^fet)i^ 

Ll^fr-r^o 7^^^'i>m^TLX:^^^:^y'T 3X 
ESj i:$Jja?f^fLti:§tcl±. >^^'vrT4>&igT;:<^ 



1 + tan D2 

[0 0 6 1 ] -^LXs :^7^^yrT 2t: fYE Sj tPM 
A^-^tt S ;i 7^ t ^ E T- CD 5^ ^ ^ CD?^ 

^3/r$rlst)^-r::i:tcj: ;^Ha5 7CD^^y>^5^*-^^& 
JiiitBL'> ~t^X(D^i^^ jvmi0L'7=—^ ifZ-Di^^xWMtm 
TT^t. ::^^yyTAX' fYESj tmmLXm^^ 

[0 0 6 2] ccD^atcLT. mmm^t^i-rxF^is^i 

[0 0 6 3] ^T. CiZ)J:d{CLT5Ri6'DnXi:^Ha57 
MMcO^plzfjkLX^'^^o 

[0064] mQl^iCCDij^'y 5 ®^g|giii®±^c^^gg 

^ixrz'^-:^j6(Dmm^fni.x:fi^. mmm^tj:~r-x 

Ti^^t^ij^T-fe^o -€bT. ::^^gf5 7^c^i^:^t-^t^-^/^^ 

\^x^^t^{AmiO^\B\m^>\:^t i.xm%iiM&atzifiE:^\^] 
^zmm^titz^^mt^j^-Dxi^^o zcD^mx\ xfis^i 

CO mil a 15 (SIE j^iiifsi ^ ipfT ^ ffii W i¥?E u T I ^ ^ ^ 



(9) 



^Bfl¥7 - 9 8 2 0 8 



[0 0 6 5] ^Lx. ;^7^-y7-s gtciitri:. umim 

T 1/^ S 'hRgP 8 ® tfJiilifiigP b ^fc^^■r^^S7=-^J' (cS-:3 
t^T. Jg^iliffl±{;ijit S:^Pia5 7 ts^wi^nSi 8 cd# 
4i'i:.(iiiap a . p hm^if^^miiSitm&Sih t(ofji-rm§ 

D • 6) 



d = 



2-p»tan • (A/'2) 



[0 0 6 6] -ttjifyib, ^— * 6 7 (Dmmcom 

S^i£$rDi:t-5i:^ C C D Ap< -7 5 ©lift AtcMf S 

tfiaCDiii^AsfcA'SCDt. ifc^ (11) CDJ:-5(rbT, 
^ CO Sgjai d 5l< 4!) S C i: *s T- $ 5 o 
[0 0 6 7] 

(11) 



A : CCDtl^ (til) 



[0 0 6 8] dHz, 7.7--j':tz\ 0 {cjii^^i. ^IS-St»gB 
2 l{c:^J^^T^ W±® iot:: LT5lctot:^fflTri£a. 
W)-r]-ijSb*jJ:tKg§g6dcDfi{ca-:5S, fetTcOiotcL 
T, CCDAp<^5CD>fe|ilii:5|f^®v-:^6®@ii:CD'fe 

®iat::bT5}?totJi^il®±{c*j(t-5^RgC7, 'J^n 
a5 8cD^cfi-C>{41tPa. P'bF.gS:i!S-i;iaip^i:^aifib i:© 
'fc1-itI#^jS/? t A»6:^Wa i:/JxHgp 8 ©cfi/C.^j^p b i: 

[0 0 6 9] El 1 oli. m^<D^ott.\w^mmm^(i>f\. 

SilSB^t^i£^>-rST-$> -v--* 6©raASfi^iil®T-$) 

6 ®:>»;ng|5 7 ©cf^-C^eSP a liJSIgnS S©[Sif*g{cfiig 
-XV\^ 7 AS*$i^fBi S fc+Mm5,gB:«-©if^^AsiI 9 tJ 
It S n St! 7 ii^ t« n O sen a o T I ^ S o 
[ 0 0 7 0] 11'^'{^*JV^T, CCD:/j^^5fflM 



■x'-A6©®i:-&^^kIg^JS(9{cov^T5}^«)5, ::©|t{| 
^^§jS(9tt. Ell Ifc^N-Tiotc:, H 1 0 ©iS^ia s 
tftR©Sflfia:5?rqI*^'?.^tt&©-Y'— ^ 6©iSi: CCD 
^ 5 i:©>5:1-itI^^jg{c^Lt^A»e., H3i!<©SC (1 
1) ©J;ol::8+»$nfeSg^di::^||li-N}-jSa, 
b e> y:© J: a lclt»-r 5 C i: A'T- & S . 
[0 0 7 1 ] El 1 UC4^I-^T^ CCD:^j^^5©?I,-SV 
h-v--* 6©;«cP3gl5 7©±y^gi:T^ffifc$:■e^^^^^^S^;t: 
i:^t«^SiSi£*MtJU5^£t lio^t>-t 2i:-rsi:. 
S^SiS©/1^0i:/St 1 . j^t 2 iii&^n^niiiS^il,^ 
ifl-r 1 , r 2©:^$^Tri£$rjRtosi:, 5C (1 2 ) , (1 
3 ) ©iaCC^&S, ^UT, if,S:J>r 1 *JJ;l>-r 2 ©fn 
{±. +«Fl©^H«&^ffib{l^U<^«i)©T-x ^tl^©BI!ff! 
A'e,, ^ (14) ■b^m.X)tL'^X,o\zU^^ LfcAs-DTv 
^ (14) sin0{Z•^l^TS?< 2 iX'Tj^liCt'^:?. 
^(15) ©<taJC^©«¥^f§sc:hAST-§So 
[0 0 7 2] 
[»5] 



(10) 



<^mW-7- 9 8 2 0 8 



r 1 = 



d 4- r • cos 5 



r • s i n 0 



(12) 



r2 = 



d — r • cos 0 



• r ■ 8 i n 5 



(13) 



a 
2 



( a : ««^) 



rl+r2 ° - " a' ^^'r = 
d - r * CO s 0 



s i n 9 = 



2 * d * r * s i n g 
1 - r * CO s 9 

- V4*d^-4-d^*b^+a^'"b^ 
a • b 



(14) 



(15) 



[0 0 7 3] l*3cl:r>-r 2 SrARi^^d tic 

= d'sin^ • cosi9 



2-d' 



— cos 0 



[0 0 7 5] mi. gWai:/jNRgC8CD4''C>;ilPbi:® 

'fc-r^p^c9iki#^]S«s^. mi 2*5j;f>-Eii s^mML 
T5RA/j5„ El 1 2(i. [SI 1 1 tmtm [.xmmis^m 

Plfflm«lla;^;[aiA>P,^tflii|iig]T-& t), Ell 3{iCCD 

::^Hg(! 7 ©ct3-i:.;^P eit'hP]S& 8 ©cp/C^p b i: SriigA. 

u a ( i ft ^ rSi S ± H ^ ^ $ n i^S u £D fji if $r ^ L T I N 
5 = 

[0 0 7 6] ftigraS±{3jb-i,>T. ;SuaA^?,S||!)aiJ 



ff-i:>ffigPa(±. ^ (16) X-TTs-r^ol^i. i^^flrli: 
r 2 ilOHS: 2T-»ac)fc^llAfiltffl'C>f5g*»e>^S!;$ 

[0 0 7 4] 
[»6] 



(16) 



cfcl>'?I¥lllbS T-CDgg^u v^D*J:r>*u hcD-^^Trffitt. 

$:;iH^Tif<-^-h. -^n^tlat (17). (18)cr)J;o 
iCi&^o miiiIiC7:)fkMg^J[g/?(iSg|S8uh^oJ:t>*u vc7)^ 
2!)^^. tany^i: LT^-rt. ^ ( 1 7 ) iD^r>* ( 1 8 ) 
t^^5^ (19) C0cJ:o(::t9?!)^n^o L;t7bs-:>T. fbfi^^^ 
MS^Jg<9^^cfct>',5h^ffll^TS: (2 0) CDJ: 
a (I ?^ ^ o 
[0 0 7 7] 

mi] 



(11) 



4^gfl¥7 -9 8 2 0 8 



uh=r-coB^*sin0 



d+r*cos0*cos5 



(17) 



^ d-*-r-cos0-cos5 



(18) 



t an ;9 



uh s i n 5 



u V t an (i> 



(19) 



sing 

[0 0 7 8] lil±®ifgi}i. V-^O 6 (0{im&^^7rs-rti 

So 

[0 0 7 9] ( f ) ^is^Ji^ff F'Ji+gtiaa;^ v' -jy ( s 

11. S 1 2) 

MARK 



(20) 

5t (2 1) <Di:oiZ>Sc.}^:t>Xo\^Uh. dCDii^, 
^t^SfT^iJMARKIi, (2 2) {C^x-r.to'&:4fT4?iJ 

[0 0 8 0] 
[l&8] 



= TRS ( 0 . d . 0 ) • ROT ( y . a ) - ROT ( x . ^ ) • ROT ( z . ^ ) ( 21 ) 



MARK 







P. ^ 








Z2 


Py 






X3 73 


Z3 


Pz 






0 0 


0 








X2. X3 ) 


: -7 — 




xliOx. y. 




VZ' ) 


: -7 — 


;^ii^'^yttcDx, y. 




Zg . Z3 ) 


: -7 — 


ztt©x. y. 





[0 0 8 1 ] t.tz. ±iiE®^tfSt^ff2?>JMARKCD^i5Jc 
^i)-&7p-^-a5tf;^}^4ff?iJTRS, ROTtt, ij^JC (2 3) 
^CI^U (2 6) Oio(CS&||$nTU.5, 



;^M^2^J^*Ox. y. zfi!c:9- 
[0 0 8 2] 
[i!(9] 



(22) 



(12) 



i^gflsp 7-9 8 2 0 8 



TRS (x. y. z) 



m^* cx. y. z) KW-n^m-rz 

Ti-.^i^—ry^ffm (4x4) 



TRS Cx. Y, z ) 



1 


0 


0 


X 


0 


1 


0 


y 


0 


0 


1 


z 


0 


0 


0 


1 _ 



C23) 



ROT (r.6j) 



ROT Cx. co) 



r^m*)lZto [ r a d] Els 
*a-r'^*v?-T;^fi^?iJ (4x4) 



10 0 0 

0 coso) -sino) 0 
0 sintij cos ci) 0 



0 



0 



0 



1 



(24) 



ROT C y . tu ) = 



cos ci) 0 



0 



1 



•s i n £0 0 
0 0 



s 1 n cu 
0 

cos eo 
0 



0 
0 
0 
1 



(25) 



ROT ( z . 6j) 



cos CO 

s i n CO 
0 
0 



[0 0 8 3) CCO^. >^7"-yrS12(r)&:Si;, ^'—^ 

[0 0 8 4] c©J:d^*«5Sf^^J{r inis. ¥[ffl±{cSi 
^x$nt::A;ngP7*jJ:l>'/hngq8 A^e,/d;-5v-:^ 6 
c D A ^ ^ 5 {c J: D ^47? rsi A» e»^fgig UT C C D ^ p< ^ 5 

6 ^mm^j^mBt uTt<^i.cDT% at^sasj:^?^ 
7-$: fflj ill izr-§^t mi . ^(Dm\ms ^\!^±^it^z 

i:A«T•S^ UtA'-3T, C C D p{ ^ 5 0!)ttS^#&5:gi 

MaoKf^KT- aj^7.h {cis^-r s c h A5-r- ^ i) <t a (c 

[0 0 8 5] *:||JS<3?iJ{3 J;n«, E.i:>I+flLgi5 1 6 



-s i n a> 0 

C 08 Ct> g 

0 1 



0 



0 



0 
0 
0 

1 



(26) 



Sfi7 (Dm't'^iiLm.lZPiLX. ^^^^-^Ifgfgl5 1 9{IiJU 

[0 0 8 6] SI 4;&;l,^Uiai 6 tt^^n;]©^ 2 
2 3. 2 4, 2 5$:fflt^felig^{c:■:^^,^T^^bfc^;^DT•fe 

tiijCDx-sb^o m3(Dnmmiz^if?>-?-ij 2 4(c43ix 

Ttt. ^&^fg^5^£g^1-'J^Fl^?l5 8{Cf^ixT^ ;«CF].K!2 7fAj{c 
afeT•7f^Ufe'J^^gi5 2 8 ^aSrltfet)®T-feS, $f54®Sl| 

v-* 2 5 {c*5i,>T{i. sH2cDnm0ixm 

^i2 9&Kii$■^i•SJ:•5{c^^^Ufc^.©T•SSo 
[0 0 8 7] ^LT. ::®J;^'&:^2'5;l,^LS5 4cD|^^f6 



(13) 



!|^ia¥7-9 8 2 0 8 



A 2 3. 2 4. 2 5©{lig«|*^|g^-rs^i;ASftS 

[0 0 8 8] ±Ei^mmmiztii^xit. v-* 

6, 23, 24. 25 5:. &mzm^X-PiBS\iiiXV'm 
CCD:;/J^5Srffl^,^Si:tt(C, nmmsmmzx :^ 5' - 

[0 0 8 9] ^LT. ±i3^l^^£^ia|^c^3^^T(±. i^^Bj§ 
■^^zr3\,^xmml.tztK OTtiy h&^nm^^titztkm 
o:)=diniiLmm^mmmizmm-r^z t t- § s toDt- 



[0 0 9 0] a^m) m'l^-mm^miz^^mpi&pj. 
^mm^mz^^mFii5:UifW(Dm.m^-r^o tjin. it 

[iij^x^] IE88-108, P9-16 

[0 0 9 1 ] ST. iS<tX-r'^&tSR<D;)&giC!&^-r?t:*!) 

tc, (a) x-7rs-tJiotj:-fSit^t£2»:mm(Dyjm^f 

(x. y) ifc^-r'^$>'^5;<-^<ih. 
[0 0 9 2] 

mi 01 



t Cx.y) = + 2hxy + by^+ 2gx + 2 f y + c = 0 



(a) 



(n1.n2.n3. 



• ) 



(b) 



[0 0 9 3] ZCDt^. fi'h-ie^SJg^&ff oii^OfFfafi 

mmj^s (c) ^m^^?>t. ^^^^-^h. b, 

S. f . cS:5l<i!)5t»{c{i, ^^^^ ^ — ■S'X-mdiL^L 
tzm^it^^X "0" (d) 

2 2 

J = E (xi +2hxiyi + byi + 2gxi + 2 f yi -f- c ) 
i=l 



b (h) ^mtz-rj:.oizmiL:ftiwA^mifi£^i^\ 

[0 0 9 4] 
[S&l 1 ] 



(c) 



a J 
a h 

a J 
a b 

a J 

8 g 

a J 
a f 

a J 
a c 



N 

= 4 i; 

N 

2 E 

i=l 

N 

4 E 

1=1 

N 

4 Z 

1=1 

N 

2 Z 
i-1 



ri xi y i = 0 Cd) 
rj yj ^= 0 (e) 
r i xi = 0 ( f ) 

r i yi = 0 (g) 
r i = 0 - C h ) 



tztfb r i = X] +2hxiyi+ byi + 2gxi+ 2 f yi4- c 



[0 0 9 5] cnS:5fl«/^^^— h;u 
Lfzt^^X. Z(D5^ (i) t^t^^'j h>iUPi£*is!)Si:, 



-^h. b. g, f, c^£f#SCi:*ST-^S. 
[0 0 9 6] 
[fK(l 2] 



(14) 



9 8 2 0 8 



2Sxi yi^Syi' 22xi yi' 2Eyi^ 
2I]xi^i Sxiyi^2Sxi' 2£xiyi 



21; xi yi'Syi' 
2Sxi yi Z yi^ 



2Exi yi 22yi^ 

2Zxi 2Eyi 
H 

P = H~* B 

[0 0 9 7] ZZX\ D0^iJ:UD^»:^ (k) (DXo 
iC^Kt. ^ (a) T-^-r^jfi^f (x, y) mnpii: 
!tc2)^f'+li. ^ (m) T-feSA^f,. WH<3D>4j-C;.;SP (x 
1. yl) (DmmT'-Pit. ^n^n^ (n) cr)J:a{c: 

[0 0 9 8] 

mi 3] 



Da = 



I h 
h b 



1 h g 
h b f 
g f c 



De > 0 , D ?4 0 



■ 1- hf -bg 
Da 



yl 



hg - f 



(k) 

Cm) 
(n) 



Ax^ + B y^ + C = 0 
C = Dfl-D 

t^- (a + b) t +ab-h2 = 0 
[0101] zcDi^m. f#e.nfeA. B. c<D{mzx 

^gnfflSWlaiJit>-^alifib{i^n^nj*:iC (r) *3 
J;t>' (s) ® J;o{C5}<»SCli:*sT-#s<to(;'&: 0. 

ffi b J; Xf^com # ^JJ^ a & JRto S C h AST* 5 ® T- So 

o 

[0 10 2] 

mi 5] 

a = ma X 



b=n.in(2y:| 2^11 ) 



(r) 



[0103] 

[^6W«iyj«fi] ia±5!in;3 L t i 3 1 . iSJKJS 1 igiBc®?! 



Zxi yi 

Syi 
N 



h 




~ V 


3 

y 1 


b 




z 




Of 

& 




y 

Lx 


.3 


f 




E 


2 

xi yi 


c 




_E 


2 

xl 


p 




B 




■ ( j ) 







( i ) 



[0 0 9 9] Sfe, +gH®ll:Ig^JKa§. O<0<9O 
' t-SUPS-rSi:. 5: (o) ©J;a{c«t-:ii:AST-#5A> 
5)> c:©tftH{::ot,>T^or)ifi/C,>;^p (x 1 , yl) 

i:^ ^ (p) £0J;-5H«-rc:i:AST-#S. Ufc*SoTx 
c©i:&co^8!£A. B(±^ (q) TTTx^ns 2i^;:l^^i^ 

[0 10 0] 
[S(l 4] 



Co) 



(p) 



(q) 

ffl I, ^ . Cl CD v - * C b T H i*r 5t; ^ Ril ® f4 73 fSj ES -r 

cf'C"^ M tc ^ s 1^ 'i:.F^ifB^ itgt bT is^P.Hfiaw 

T- ^ A^ S AS b . ^ CD ffj -C> Ftflgggi ASi&:Sgi^f|r J: 

mcDtsf^g?#g.<&gg5i^-a-, ct3'C>fmsg^Asi$^siMfjawi*) 
ffig25e5$:7nr&iiM-^ p< — ^ $:it^ b. mw'&'^n'^s 

S J: ^ {z btcDT". -^-ttcnmi^^^m^Wmz 



(15) 



m^W- 7-9 8 2 0 8 



A^T § i. J; ^ fofc 5 i: ^,^ ^ gJfLfcJc&S^r^-r 5 , 
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